Introduction
============

Although significant advances in diagnostic and therapeutic approaches have contributed to prolonged survival, NSCLC remains the leading cause of cancer-related death worldwide. Adenocarcinoma (AD) and squamous cell carcinoma (SCC) are the two major histological types of NSCLC. Surgical resection and adjuvant chemotherapy can be effective curative treatments, yet the risk of recurrence of NSCLC still cannot be predicted. Even more, NSCLC is a heterogeneous and complex of disease with alterations of multiple major signaling pathways. Most stimulatory signaling pathways are driven by oncogenes, which shift cells towards malignant transformation, dysregulated proliferation and escape from apoptosis [@B1]. Therefore, large efforts have explored novel molecular biomarkers in order to predict the outcome of NSCLC and potentially provide a novel targeted therapy approach.

The *pim-1* proto-oncogene encodes PIM1 serine/threonine protein kinase which involved in cell survival, proliferation, apoptosis, and tumorigenesis [@B2]. PIM1 phosphorylated a number of substrates and its overexpression is linked to the development and progression of a wide range of haematological and epithelial tumors. PIM1 has also been shown to contribute to radiation and chemotherapy resistance [@B3]-[@B5]. Elevated levels of PIM1 were discovered in human myeloid and lymphoid leukemia and lymphoma tumors as well as in solid tumors [@B6]. Anti-PIM1-specific monoclonal antibody can inhibit tumor growth in vitro and in vivo, and synergistically enhance cytotoxic effects in combination with chemotherapy drugs [@B7]. Previous studies demonstrated PIM1 expression is correlated with poor prognosis in hematopoietic malignancies [@B8], gastric cancer [@B9] and squamous cell carcinoma of the head and neck [@B10]. Conversely, PIM1 overexpression has been correlated with a favorable prognosis in pancreatic ductal carcinoma [@B11] and prostate adenocarcinoma [@B12]. In NSCLC, Warnecke-Eberz et al.[@B13] observed downregulation of PIM1 mRNA and protein expression in lung cancer cells. On the contrary, in Jin et al. and Pang et al.\'s studies [@B14], [@B15], PIM1 protein expression was found significantly upregulated in NSCLC tissues compared with normal lung tissues. However, the prognostic value of PIM1 in NSCLC remains unknown.

Signal transducer and activator of transcription 3 (STAT3) is a critical signaling mediator which functions as downstream effectors of cytokines and tyrosine kinases [@B16]. Constitutive activation of STAT3 (phosphorylated STAT3, p-STAT3) has been detected in pancreas, prostate, head and neck, breast and lung cancer [@B17]-[@B20]. Persistent activation of STAT3 may promote tumor angiogenesis, cell proliferation, and resistance to apoptosis. Activated STAT3 upregulates PIM1 gene expression and thus induces resistance to cytotoxic drugs in prostate cancer cells [@B21]. Furthermore, PIM1 kinase has been long recognized as a highly potent coactivator in MYC-dependent transformation during lymphomagenesis and prostate cancer tumorigenesis [@B22], [@B23]. PIM1 kinase is often overexpressed in the context of increased MYC levels in both hematological malignancies and solid tumors [@B24], [@B25]. By phosphorylating H3s10, PIM1 contributes to approximately 20% of the MYC-induced gene expression [@B26]. Overexpression of the myc-proto-oncogene is common in NSCLC, however, the prognostic relevance of c-MYC for patients with NSCLC is controversial.

PIM1, c-MYC and p-STAT3 are individually and cooperatively involved in the pathogenesis of hematological malignancies and solid tumors. However, the expression pattern and clinical significance of PIM1 as well as its interaction with p-STAT3 and c-MYC in NSCLC remain largely unknown. Therefore, we here examined the expression of these markers and further evaluated the association between the expression of these genes with prognosis in patients with lung SCC and AD.

Materials and methods
=====================

Study population
----------------

Primary formalin-fixed, paraffin-embedded (FFPE) lung tumor samples were obtained from Tianjin Cancer Institute & Hospital, Tianjin Medical University, Tianjin, P. R. China from January 2009 to March 2010. Patients who died within 2 months after surgery or those who died from causes unrelated to the tumor or received previous chemotherapy, radiotherapy or any other anti-tumor therapies prior to surgery were excluded. In total, 101 patients with AD and 93 patients with SCC were included in this study. Additionally, 31 FFPE NSCLC tissues and their matched adjacent normal lung tissues were also included. In the 194 lung cancer cases, there were 122 males and 72 females with ages ranging from 32 to 79 years, and a median age of 59 years. Of the 194 cases, 84 cases were at stage I, 43 were at stage II, while 67 were at stages III. The characteristics of the 194 resected NSCLCs are summarized in Table [1](#T1){ref-type="table"}.

As of March 2015, a total of 101 patients had died from lung cancer; the median follow-up was 41 months (range from 2 to 72 months). To use these clinical materials for research purposes, prior consent from the patients and approval from the Research Ethics Committee of Tianjin Cancer Institute & Hospital of Tianjin Medical University were obtained. All specimens were handled and made anonymous according to the ethical and legal standards. Histological classification and clinicopathologic staging of the samples were graded according to the WHO histological classification and the tumor-node-metastasis (TNM) classification system (AJCC, 1997).

Cell culture
------------

A549, PC-9, H1975, H460, SK-MES-1 and human bronchial epithelial (BEAS-2B) cell lines were obtained from American Type Culture Collection (Manassas, VA, U.S.A). A549, PC-9, H1975 and H460 cells were cultured in RPMI 1640 containing 10% fetal calf serum (FBS). SK-MES-1 cells were cultured in Minimum Essential Medium (MEM Eagles with Earle\'s Balanced Salts) supplemented with 10% FBS. BEAS-2B cells were cultured in LHC-8 Medium. Cell culture reagents were all obtained from Gibco (Carlsbad, CA, U.S.A).

Western blotting
----------------

Immunoblotting was performed as previously described [@B27] after separation by 8-12% polyacrylamide gel electrophoresis. Primary antibodies against PIM1 (Abcam; Cambridge, UK) and α-Tubulin (Cell Signaling Technology; Beverly, MA, U.S.A) were used to confirm protein expression. Data are representative of three independent experiments with nearly identical results.

RNA Preparation and mRNA Detection by Quantitative PCR
------------------------------------------------------

Total RNA was extracted from cells by TRIZOL Reagent (Invitrogen Life Technologies; Carlsbad, CA, U.S.A) and first-strand cDNA synthesis was performed with 1.5µg of total RNA using SuperScript^TM^ III Reverse Transcriptase. For real time quantitative PCR detection of PIM1 gene expression, SYBR-Green master mix was used on an ABI Prism 7900 platform (Applied Biosystems) as described previously.[@B28] To normalize for equal mRNA/cDNA amounts, PCRs with target-specific and GAPDH-specific primer sets were always run in parallel for each sample. PCR assays were conducted in triplicate for each sample, and each PCR experiment included three nontemplate control wells. The primers sequences used for PIM1 (121 bp) and GAPDH (299 bp) were 5\'-TCCGCGTCTCCGACAACTT-3\' (forward) and 5\'-ACCTTCTTCAGCAGGACCACTT-3\'(reverse), and 5\'-GGGAAACTGTGGCGTGAT-3\' (forward) and 5\'-GAGTGGGTGTCGCTGTTGA-3\' (reverse), respectively.

Immunofluorescence Staining
---------------------------

A549, PC-9, SK-MES-1 and BEAS-2B cells were fixed with 4% paraformaldehyde for 20 minutes, treated with 0.1% Triton X-100 and blocked with 2% BSA for 60 min, incubated with primary antibody against PIM1 at 4 °C overnight, then incubated with fluoro-conjugated secondary antibody. Nuclei were stained with DAPI and the stained cells were observed under an Olympus 60BX microscope (Hamburg, Germany). Subcellular localization and PIM1 positivity were scored by two independent researchers.

Immunohistochemical Staining and Assessment
-------------------------------------------

The expression of PIM1, c-MYC, and p-STAT3 were evaluated by immunohistochemistry using ChemMate EnVision Detection Kit with DAB substrate (Dako, Carpinteria, CA, USA) following the manufacturer\'s protocol with modification as described previously.[@B18] Rabbit monoclonal antibody against PIM1 (Abcam, Cambridge, UK), p-STAT3 \[Tyr705\] (Cell Signaling Technology, Beverly, MA, U.S.A), or c-MYC (Epitomics, Burlingame, CA, U.S.A) was used for the staining. The slides were blindly examined by two investigators.

Nuclear staining for PIM1, p-STAT3 or c-MYC was regarded as positive signals. Staining intensity was scored as negative = 0, weak = 1, moderate = 2, or strong = 3. The mean percentage of positive tumor cells was determined in at least five areas at 400-fold magnification. The percent of positive cells was scored as ≤ 10% = 0, \> 10% to ≤ 25% = 1, \>25% to ≤ 50% = 2, \> 50% to ≤ 75% = 3 or \> 75% = 4. For statistical analysis, the two scores were then multiplied to calculate the final score. An optimal cut-off value for high and low expression was determined on the basis of a measure of heterogeneity with the log-rank test statistical analysis with respect to OS. Expression was considered low if the final score was equal to or less than four; otherwise, the expression was considered high.

Statistical Analysis
--------------------

Statistical analyses were performed using the SPSS 20.0 (IBM Corporation, Armonch, NY, U.S.A). The Chi-squared test was used to examine possible correlations between gene expression and clinicopathologic factors. A multivariate model was constructed using logistic regression including the possible confounding factors in univariate analysis with *P*\< 0.20. Survival analysis and curves were established using the Kaplan-Meier method and log-rank test was used for comparison. Multivariate analysis was performed according to the Cox proportional hazards model with backward variable elimination to evaluate any possible association between gene expression status and survival after adjusting for other potential confounders. *P*\< 0.05 was considered to be statistically significant.

Results
=======

PIM1, p-STAT3 and c-MYC gene expression in NSCLCs
-------------------------------------------------

By quantitative real time RT-PCR, we found that PIM1 mRNA expression was much lower in human bronchial epithelial (BEAS-2B) cells than in lung cancer cell lines (Figure [1](#F1){ref-type="fig"}A). We further detected the protein expression of PIM1 by western blotting analysis. As shown in Figure [1](#F1){ref-type="fig"}B, high levels of PIM1 (33kDa) were detected in adenocarcinoma cells (A549, PC-9, and H1975) and squamous cell carcinoma cells (SK-MES-1), yet much lower expression was observed in the BEAS-2B cells and large cell carcinoma H460 cells.

Next, we examined PIM1 localization by immunofluorescence. As shown in Figure [2](#F2){ref-type="fig"}, although PIM1 signals could be observed in cytosol and nucleus, intense PIM1 staining signals were found predominantly in the nucleus of the cells.

To further examine the expression of PIM1 in archival primary NSCLC, we performed IHC analysis in 194 paraffin-embedded AD and SCC as well as 31 normal lung tissues. Representative IHC results are shown in Figure [3](#F3){ref-type="fig"}. PIM1 protein expression exhibited a nuclear staining pattern with variable cytoplasmic staining. Based on the known correlation of PIM1 with c-MYC and STAT3, the expression of these two factors was also detected by IHC. As shown in Figure [3](#F3){ref-type="fig"}, p-STAT3 immunohistochemical staining was predominantly in the nucleus while c-MYC was observed in both cytoplasm and nucleus of malignant cells. In this study, only nuclear staining for PIM1, p-STAT3 and c-MYC were regarded as positive signals. High expression of p-STAT3 was detected in 95 (49.0%) of the 194 lung cancer cases but only in 9 (29.0%) of the 31 normal lung tissues (χ^2^= 4.274; *P* = 0.039), while high c-MYC was prevalent in 101 (52.1%) of cancer cases versus 7 (22.6%) of normal samples (χ^2^= 9.801; *P* = 0.002). Furthermore, high PIM1 expression was detected in 84 (43.3%) of the 194 lung cancers but in only 4 (12.9%) of the 31 normal samples (χ^2^= 10.370; *P* = 0.001). Therefore, the expression ratio of PIM1, p-STAT3 and c-MYC in tumor tissues was significantly higher than that in normal lung tissues.

Correlation between PIM1, p-STAT3 and c-MYC Expression and Clinicopathologic Features of ADs and SCCs
-----------------------------------------------------------------------------------------------------

We further analyzed the relationship between the expression of these genes and the clinical characteristics in 194 AD and SCC cases. Univariate analysis revealed a strong correlation between PIM1 expression and the clinicopathologic characteristics including gender (χ^2^= 5.508, *P*= 0.019), tumor size (χ^2^= 4.323, *P*= 0.038), LN metastasis (χ^2^= 4.561, *P*= 0.033), histology (χ^2^= 8.870, *P*= 0.003), and p-STAT3 expression status (χ^2^= 3.961, *P*= 0.047) (Table [1](#T1){ref-type="table"}). Multivariate logistic regression analysis for the association between PIM1 expression and various clinicopathologic factors showed that PIM1 expression was significantly with regional LN metastasis (OR = 1.939; 95% CI: 1.073-3.506; *P*= 0.028) and histologic subtype (OR = 2.480; 95% CI: 1.369-4.491; *P* = 0.003) (Table [2](#T2){ref-type="table"}). Expression of p-STAT3 expression was also found to be significantly correlated with the regional LN metastasis (χ^2^= 4.563; *P* = 0.033) ([Supplementary Table S1](#SM1){ref-type="supplementary-material"}). No significant correlation was found between c-MYC expression and any clinicopathologic parameter ([Supplementary Table S2](#SM1){ref-type="supplementary-material"}). Moreover, although there were no strong associations between expressions of these genes, a weak correlation between expression of PIM1 and p-STAT3 expression was detected (r = 0.147; *P* = 0.047). Additional subset analysis in different histologic subtypes of NSCLC indicated that high expression of PIM1 was significantly associated p-STAT3 expression in AD (r = 0.244; *P* = 0.015) but not in SCC (r = 0.010; *P* = 0.920).

Relationship between expression of PIM1, p-STAT3 and c-MYC and patient survival
-------------------------------------------------------------------------------

Kaplan-Meier analysis demonstrated that no association was found between p-STAT3 or c-MYC expression and survival (either DFS or OS). However, high PIM1 expression cases showed a shorter OS (Figure [4](#F4){ref-type="fig"}A, log-rank χ^2^=8.370, *P* = 0.004) and DFS (Figure [4](#F4){ref-type="fig"}B, log-rank χ^2^=8.245, *P* = 0.004) than those with low PIM1 levels.

When stratifying the clinical stages into early stage (stages I and II) and locally advanced stage (stages III), we found that the association between high PIM1 expression and shorter OS were stronger in patients with early stage cancers (Figure [4](#F4){ref-type="fig"}C, log-rank χ^2^= 4.069, *P* = 0.044) than with stage III tumors (Figure [4](#F4){ref-type="fig"}D, log-rank χ^2^= 1.089, *P* = 0.297). Similarly to DFS, we also observed that PIM1 expression could predict recurrence in early stage (Figure [4](#F4){ref-type="fig"}E, log-rank χ^2^= 9.956, *P* = 0.002), but not in stage III (Figure [4](#F4){ref-type="fig"}F, log-rank χ^2^= 0.151, *P* = 0.697).

Further analysis showed that the overall survival in patients with both low-PIM1 and low-p-STAT3 tumors was the longest among all of these groups (Figure [4](#F4){ref-type="fig"}G, log-rank χ^2^= 6.676; *P* = 0.036), and these patients tended to have the longest DFS (Figure [4](#F4){ref-type="fig"}H, log-rank χ^2^= 9.711; *P* = 0.008). However, the predictive value of PIM1 was not significantly improved by combining with p-STAT3 expression status.

By univariate analysis, we found that DFS significantly associated with clinical stage (*P***\<**0.001), LN metastasis (*P***\<**0.001) and PIM1 expression (*P***=**0.004). OS significantly associated with clinical stage (*P***\<**0.001), LN metastasis (*P***\<**0.001), pathologic differentiation (*P***=**0.015) as well as PIM1 expression (*P***=**0.004) (Table [3](#T3){ref-type="table"}). In Multivariate Cox Regression analysis, high PIM1 expression (HR = 1.574; *P*= 0.034), locally advanced clinical stage (HR = 2.341; *P*\< 0.001), AD (HR = 1.890; *P*= 0.007) and poor pathologic differentiation (HR = 2.192; *P*= 0.002) correlated with shorter DFS (Table [4](#T4){ref-type="table"}). In regards to OS, high PIM1 expression (HR = 1.700; *P*= 0.009), together with locally advanced clinical stage (HR = 2.386; *P*\< 0.001) and pathologic differentiation (HR = 1.927; *P*= 0.004), were significantly and independently unfavorable prognostic factors (Table [4](#T4){ref-type="table"}).

Discussion
==========

The prognostic significance of PIM1, c-MYC and p-STAT3 in NSCLC remains uncertain. The aim of this study was to elucidate the role of these markers as predictive and prognostic markers of survival in AD and SCC patients.

Constitutively activated STAT3 (p-STAT3) is frequently detected in a variety of human malignant tumors including NSCLC. Our current study showed that high expression of p-STAT3 was detected in 49.0% of lung cancer cases compared to in 29.0% of normal lung tissue samples. In addition, here we found slight differences in p-STAT3 expression between our study and others could be attributed to the patient ethnicity, antibodies used, or criteria chosen to categorize positive expression [@B18], [@B29]-[@B32]. Moreover, we observed that p-STAT3 expression was correlated with LN metastasis in our study, consistent with the finding of Wang et al. that suggested that activation of STAT3 might play an important role in LN metastasis in NSCLC [@B33]. However, we found no association between p-STAT3 expression and survival in concordance with several previous studies [@B30], [@B32].

Previous studies have demonstrated that overexpression of c-MYC is common in NSCLC [@B34], [@B35] but its prognostic value in NSCLC is not clear. Our study demonstrated that high expression of c-MYC was detected in 52.1% of tumors, but no association was found between c-MYC expression and clinicopathologic parameters or survival. This suggests that c-MYC might be involved in the pathogenesis of NSCLC but alone might not critically contribute to the progression of NSCLC.

In NSCLC, the prognostic value of PIM1 is largely unknown. Warnecke-Eberz et al. demonstrated that PIM1 mRNA expression in NSCLC was significantly downregulated compared to paired normal tissues, and the down-regulation was closely associated with LN metastasis [@B13]. Our detection of PIM1 mRNA expression in lung cancer tissues was consistent with their results (data not shown), although we found no association between PIM1 mRNA expression and clinicopathologic parameters. We further used the TCGA database to investigate the association of PIM1 mRNA levels with survival in lung AD and SCC patients. Consistent with our current findings, no association was found between PIM1 mRNA expression and survival ([Supplementary Figure S1](#SM1){ref-type="supplementary-material"}). We did however observe that PIM1 mRNA levels in Human bronchial epithelial (BEAS-2B) cells were much lower than that in lung cancer cell lines. We cannot exclude the possibility that normal lung tissues or adjacent non-cancerous lung tissues are composed of more mesenchymal cells which might express higher PIM1 mRNA.

It is noteworthy that PIM1 mRNA transcripts have a short half-life because of the presence of multiple copies of the destabilizing Auuu(A) sequence in the 3′untranslated region [@B2]. Moreover, PIM1 gene encodes two isoforms with molecular weight 33 and 44 kDa by utilizing two alternative translation initiation sites [@B36]. Both 33 and 44 kDa PIM1 were generated from the single reading frame, therefore, real-time quantitative RT-PCR cannot discriminate the variants. Even more, PIM1 expression in lung cancer might be regulated at the level of transcription, translation, and proteosomal degradation [@B37]. Downregulation of micro-RNA-1 (miR-1), miR-486-5p and/or the serine/threonine protein phosphatase 2A (PP2A) might contribute to the overexpression of PIM1 protein in lung cancer [@B15], [@B38], [@B39]. All together, since the mRNA level may not faithfully represent the expression of the protein, it is important to define the expression of PIM1 at the protein level in tumors.

Previous studies have shown that different isoforms of PIM1 might distribute to different subcellular localizations and exhibit different functions in tumorigenesis [@B3], [@B40], [@B41], and 33 kDa PIM1 is located uniformly in the nucleus with some staining in the cytoplasm [@B42], [@B43]. Kim et al. found that exposure to radiation led to overexpression and translocation of PIM1 into the nucleus in NSCLC cells [@B4]. Ionov et al. found that PIM1 can be located in the cytoplasm or the nucleus of cells within normal lymph nodes, but is only located in the nucleus of Burkitt\'s lymphoma cells. And the nuclear location of PIM1 was deemed essential for its biological activities [@B44]. Therefore, nuclear staining of the 33 kDa PIM1 was chosen as criteria for positive expression in our current study.

In this study we observed that the high nuclear expression of PIM1 was significantly correlated to LN metastasis, histology, worse DFS, OS and 5-year overall survival rate. Moreover, a stronger correlation between high nuclear PIM1 expression and short survivals was found at early stages, suggesting that PIM1 might be involved in the NSCLC recurrence, progression and metastasis, and nuclear PIM1 expression is an independent predictive and prognostic factor for NSCLC patients.

Warnecke-Eberz et al.[@B13] observed lower PIM1 expression in lung cancer cells compared to normal respiratory bronchioles, artery walls and macrophages. However, in Jin et al. and Pang et al.\'s studies [@B14], [@B15], higher PIM1 protein expression was detected in the majority of NSCLCs compared to normal lung tissues. Jin et al. found that PIM1 overexpression correlates with poor differentiation, advanced clinical stage (III/IV) and lymph node and distant metastasis. Pang et al. found that PIM1 expression in NSCLC was significantly associated with tumor size, LN metastasis, histological type and clinical staging. Our result also showed that high PIM1 expression was significantly correlated to LN metastasis and histology. However, we found that a strong correlation between high PIM1 expression and short survival existed in early stage tumors rather than advanced cancers. Furthermore, for the first time, we found high expression of PIM1 was associated with higher risk of disease recurrence and shorter OS. It is noteworthy that PIM1 expression was observed primarily in the cytoplasm in Jin et al.\'s study [@B14] while subcellular localization was not mentioned in Warnecke‑Eberz et al.\'s research. However, in our study, nuclear PIM1 expression was detected by both immunofluorescence and immunohistology. We confirmed that 33 kDa PIM1 was the predominant variant detected in lung cancer cell lines by western blot. Thus the differences between our results and previous works may be related to the different antibodies used and different proteins detected. Our results are consistent with the study that the gain of chromosome 6p21 in NSCLC is associated with poor survival, as PIM1 is localized on chromosome 6p21.2 [@B45].

In conclusion, we observed that nuclear overexpression of PIM1 correlated with LN metastasis, histology and poor survival in lung AD and SCC. Our study strongly indicates that nuclear PIM1 expression level is an independent predictive and prognostic indicator of survival in patients with NSCLC. Future investigations are required to develop new treatment strategies for patients with PIM1-overexpression NSCLC.
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![PIM1 expression in human lung cancer and bronchial epithelial cells. (A) qRT-PCR analysis of PIM1 mRNA expression in A549, PC-9, H1975, H460, SK-MES-1 and human bronchial epithelial (BEAS-2B) cells. (B) Western blotting analysis of PIM1 expression in cell lines.](jcav07p0324g001){#F1}

![Subcellular localization of PIM1 was examined by confocal microscopy in A549 (A), PC-9 (B), SK-MES-1 (C), H460 (D) and BEAS-2B (E) cells. Endogenous PIM1 (A1, B1, C1, D1, E1), nuclei stained with DAPI (A2, B2, C2, D2, E2) and merged (A3, B3, C3, D3, E3). (Bar = 50µm).](jcav07p0324g002){#F2}

![Expression of PIM1 (A), p-STAT3 (B) and c-MYC (C) in lung ADs (A1, A2, B1, B2, C1, C2) and SCCs (A3, A4, B3, B4, C3, C4). Negative staining (A1, A3, B1, B3, C1, C3). Positive expression (A2, A4, B2, B4, C2, C4) (magnification: 200×). (Bar = 100µm).](jcav07p0324g003){#F3}

![Kaplan-Meier analysis for outcome of NSCLC cases with different PIM1 expression levels \[A, overall survival (OS) of all cases; B, disease-free survival (DFS) of all cases; C, OS of patients at stages I and II; D, OS of patients at stages III; E, DFS of patients at stages I and II; F, DFS of patients at stages III\], and outcomes of cases with different PIM1 and p-STAT3 expression levels (G, OS of all cases; H, DFS of all cases).](jcav07p0324g004){#F4}

###### 

Correlation between PIM1 expression and the clinicopathological characteristics.

  Variables                    Number of Patients   PIM1 expression (%)   χ^2^       ^\*^*P*-value   
  ---------------------------- -------------------- --------------------- ---------- --------------- -----------
  Gender                                                                                             
  Female                       72                   33(45.8)              39(54.2)   5.508           **0.019**
  Male                         122                  77(63.1)              45(36.9)                   
  Age (years)                                                                                        
  \< 60                        101                  53(52.5)              48(47.5)   1.532           0.216
  ≥ 60                         93                   57(61.3)              36(38.7)                   
  Smoking index                                                                                      
  \< 400                       95                   55 (54.7)             43(45.3)   0.293           0.589
  ≥ 400                        99                   58(58.6)              41(41.4)                   
  Clinical Stage                                                                                     
  I                            84                   48(57.1)              36(42.9)   3.206           0.361
  II                           43                   28(65.1)              15(34.9)                   
  IIIa                         54                   29(53.7)              25(46.3)                   
  IIIb                         13                   5(38.5)               8(61.5)                    
  Tumor size                                                                                         
  ≤ 3cm                        92                   45(48.9)              47(51.1)   4.323           **0.038**
  \> 3cm                       102                  65(63.7)              37(36.3)                   
  Regional LN metastasis                                                                             
  No                           107                  68(63.6)              39(36.4)   4.561           **0.033**
  Yes                          87                   42(48.3)              45(51.7)                   
  Distant metastasis                                                                                 
  No                           180                  105(58.3)             75(41.7)   2.707           0.100
  Yes                          14                   5(35.7)               9(64.3)                    
  Histology                                                                                          
  AD                           101                  47(46.5)              54(53.5)   8.870           **0.003**
  SCC                          93                   63(67.7)              30(32.3)                   
  Pathologic differentiation                                                                         
  Well                         64                   31(53.1)              33(46.9)   2.656           0.103
  Poor                         130                  79(60.8)              51(39.2)                   
  p-STAT3 expression                                                                                 
  Low/ none                    99                   63(63.6)              36(36.4)   3.961           **0.047**
  High                         95                   47(49.5)              48(50.5)                   
  c-MYC expression                                                                                   
  Low/ none                    93                   51(54.8)              42(45.2)   0.252           0.615
  High                         101                  59(58.4)              42(41.6)                   
  Total                        194                  110(56.7)             84(43.3)                   

LN: lymph node. SCC: squamous cell carcinoma. AD: adenocarcinoma. \**P* values \< 0.05 in bold.

###### 

Multivariate Logistic Regression Analysis for PIM1 expression.

  Variables                OR (95% CI)           *P* value
  ------------------------ --------------------- -----------
  Regional LN metastasis                         
  No                                             
  Yes                      1.939 (1.073-3.506)   0.028
  Histology                                      
  AD                                             
  SCC                      2.480 (1.369-4.491)   0.003

OR: odd ratio. CI: confidence interval. LN: lymph node. SCC: squamous cell carcinoma. AD: adenocarcinoma.

###### 

Predictive and prognostic values of variables by univariate analysis.

  Variables                        DFS    OS                                      
  -------------------------------- ------ -------- -------------- ------ -------- --------------
  All patients (n=194)                                                            
  Gender                                                                          
  Male                             58.9   0.412    0.521          45.7   1.316    0.251
  Female                           51.8                           51.6            
  Age (years)                                                                     
  ≥ 60                             54.1   2.142    0.143          41.5   1.995    0.158
  \< 60                            58.3                           53.6            
  Smoking index                                                                   
  ≥ 400                            58.7   0.398    0.528          45.4   1.147    0.284
  \< 400                           53.6                           50.3            
  Clinical Stage                                                                  
  IIIa-IIIb                        40.2   22.116   **\< 0.001**   26.6   22.853   **\< 0.001**
  Ia-IIb                           64.7                           59              
  Tumor size                                                                      
  \> 3cm                           55     1.259    0.262          42.2   2.710    0.100
  ≤ 3cm                            57.6                           54              
  Regional LN metastasis                                                          
  Yes                              40     23.226   **\< 0.001**   31.3   20.101   **\< 0.001**
  No                               69.5                           61.4            
  Histology                                                                       
  AD                               50.3   3.157    **0.076**      50.7   1.669    0.196
  SCC                              63.2                           44.8            
  Pathologic differentiation                                                      
  Poor                             50.3   2.318    0.128          41.5   5.870    **0.015**
  Well                             65.2                           59.8            
  PIM1 expression                                                                 
  High                             39.7   8.245    **0.004**      37.5   8.370    **0.004**
  Low/ none                        67.4                           55.7            
  p-STAT3 expression                                                              
  High                             49.9   2.424    0.12           43.2   1.153    0.283
  Low/ none                        62.6                           52.2            
  c-MYC expression                                                                
  High                             54     0.033    0.856          52.4   0.423    0.515
  Low/ none                        57.9                           44.8            
  PIM1 and pSTAT3 expression                                                      
  Both high                        31.6   9.711    **0.008**      35.7   6.676    **0.036**
  Either high                      59.3                           41.9            
  Both low/ none                   69.1                           59.6            
                                                                                  
  Patients in stage I-II (n=127)                                                  
  PIM1 expression                                                                 
  High                             42.1   9.956    **0.002**      51.4   4.069    **0.044**
  Low/ none                        76                             64.6            
  p-STAT3 expression                                                              
  High                             60     1.205    0.272          53.5   1.349    0.246
  Low/ none                        68.5                           64.1            
  c-MYC expression                                                                
  High                             64     0.185    0.667          59.2   0.001    0.993
  Low/ none                        62.6                           58.8            
                                                                                  
  Patients in stage III (n=67)                                                    
  PIM1 expression                                                                 
  High                             30.9   0.151    0.697          18.2   1.089    0.297
  Low/ none                        47.6                           35.6            
  p-STAT3 expression                                                              
  High                             34.7   0.04     0.841          26.2   0.114    0.736
  Low/ none                        48.8                           26.9            
  c-MYC expression                                                                
  High                             36.4   0.127    0.721          16.9   1.111    0.292
  Low/ none                        41.9                           34.4            

DFS: disease-free survival. OS: overall survival. SCC: squamous cell carcinoma. AD: adenocarcinoma. \**P* values \< 0.05 in bold.

###### 

Predictive and prognostic values of variables by multivariate analysis.

                               DFS                              OS                         
  ---------------------------- --------------------- ---------- ---- --------------------- ----------
  PIM expression                                                                           
  High vs. low/ none           1.574 (1.034-2.396)   0.034           1.700 (1.139-2.536)   0.009
  Clinical stage                                                                           
  III vs. I/II                 2.341 (1.560-3.514)   \< 0.001        2.386 (1.600-3.558)   \< 0.001
  Histology                                                                                
  AD vs. SCC                   1.890 (1.192-2.994)   0.007                                 
  Pathologic differentiation                                                               
  Poor vs. Well                2.192 (1.345-3.574)   0.002           1.927 (1.226-3.028)   0.004

HR: hazard ratio. CI: confidence interval. SCC: squamous cell carcinoma. AD: adenocarcinoma.
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